Introduction
Multi-gap Resistive Plate Chambers (MRPC) [1, 2] are inexpensive gaseous detectors with good timing resolution and high detection efficiency. The readout pads can be shaped into arbitrary shapes to achieve the granularity required in modern heavy-ion collisions. This technology has been chosen for the STAR and PHENIX Time-of-Flight (TOF) systems [3, 4] at RHIC, the ALICE TOF system [5] at the LHC, to name just a few. If the charged particle multiplicities in the events are not too large, MRPCs with long double-ended read-out strips (LMRPCs) are attractive as these can reduce the number of electronics channels and also provide a measurement of the hit position along each strip via "left minus right" timing.
This LMRPC technology has been selected for the proposed large-area Muon Telescope
Detector (MTD) [6] for the STAR experiment. The MTD has been proposed to measure muons of momenta of a few GeV/c. Such a system will allow the detection of di-muon pairs from Quark Gluon Plasma (QGP) thermal radiation, quarkonia, and light vector mesons. The correlation of quarks and gluons as QGP resonances, Drell-Yan production, and the measurement of heavy flavor hadrons via semi-leptonic decays into single muons, are also possible. These measurements will advance our knowledge of the nuclear matter formed in the relativistic heavy ion collisions at RHIC. [7] Two LMRPCs were constructed, and have been installed in STAR as a prototype MTD detector. They have successfully taken data since the 2007 run of RHIC. To meet the physics requirements of the MTD, the LMRPCs are required to have a time resolution that is better than 100 ps and a spatial resolution of each hit better than 2 cm. In this paper, the LMRPC prototypes and their performance using both cosmic rays and test beams are described.
LMRPC Prototype
The LMRPC module has ten gas gaps arranged in a double stack as shown schematically in Fig. 1 . The thickness of each gap is 250 μm and is defined using nylon monofilament fishing line. 
Cosmic ray test
The prototype module was tested with cosmic rays using the set-up shown in Fig. 2 . Three scintillators were used to define a triggered area of 20×5 cm 2 along the read-out strips. This trigger area fully covered one LMRPC strip in width (the "strip under investigation") and half each of the two neighboring strips. Two of these scintillators were read-out at both ends with four fast PMTs which provided the event reference time (T0). A STAR-TOF MRPC module [8] also covered the triggered area with six readout pads, which divided the triggered area into six segments with area of 3×6 cm 2 . The LMRPC signals were read out from both ends via the front-end electronics based on MAXIM 3760 chips. These electronics provided both amplification and discrimination. For additional details on the cosmic tests, see Ref. [9] . Fig. 2 The set-up used for the cosmic ray tests.
The plateau of detection efficiency versus HV is shown in Fig. 3 . The detection efficiency is above 95% for positive and negative HV values greater than 6.2 kV. For our subsequent measurements, the positive and negative HV values used were 6.3 kV. The six pads of the STAR-TOF MRPC gave a rough position along the readout strips. Fig. 4 shows the relationship between one-half of the time difference measured from the two ends of the investigated strip and the relative hit position. The slope of the linear fit indicates the reciprocal of the signal propagation velocity along the strip, which is observed to be 59.6 ps/cm. The mean time, T mean =(T left +T right )/2, formed from the time from the two ends of one strip eliminates the time smearing caused by the position of the hit along the strip. The signals from two ends had been found to be similar in area. Thus, the slewing correction was made between the arithmetical mean of time and pulse area (mT-mA correction), and is shown in Fig. 6a . A sixth-order polynomial was fit to these curves to obtain the slewing correction function. The reference time resolution was 98 ps, as shown in Fig. 6b . The distributions of mean time with respect to the reference time after the mT-mA correction are shown in Fig. 7 . Following the subtraction of the reference time resolution in quadrature, the time resolution of the LMRPC itself was observed to be 60 ps (74 ps) when triggered in the middle (at one end) of the module. The correlation between the difference of the times measured from the two ends of one LMRPC strip and the particle incident position is shown in Fig. 11 . The strong correlation that is observed confirms that the time information can be used to calculate the position of the hit along the strip. The slope of the linear fit indicates a signal propagation velocity of ~60 ps/cm, which is consistent with that obtained from the cosmic ray tests. Shown in Fig. 12a is a scatter-plot of the beam particle position as measured by the GEM detectors versus the LMRPC hit position obtained with the difference of the times at the two ends of one strip. The variance around this correlation, shown in Fig. 12b , is assumed to result purely from the LMRPC spatial resolution and is observed to be of 0.6 to 1.0 cm since the spatial resolution of GEM is found to be around 70 μm [10] . 
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Summary
The new prototype LMRPCs have been built and tested both with cosmic rays and test beams.
The cosmic ray tests indicate a time resolution of ~70 ps and a detection efficiency greater than 95% at a detector high voltage of ± 6.3 kV. In the T963 beam test performed at FNAL, similar values of the detection efficiency and the time resolution were observed. The spatial resolution of these LMRPCs along the direction of the read-out strips was near or less than 1 cm. The performance of these LMRPC prototypes thus satisfies the requirements for the STAR MTD system, and also appears applicable for Time-of-Flight at the electron ion collider eRHIC [11] .
